This talk discusses some o f the challenges posed for theoretical linguistics by transla tional problems. It briefly discusses different aspects o f the concept o f translational equivalence and the degree to which this relation may be captured by m achine translation (MT) systems. It is argued that the formal requirements and multilingual perspective o f M T provide new criteria o f adequacy for semantic theraies. This motivates further development o f linguistic semantics as a prerequisite for a semanti cally based theory o f machine translation. In particular it seem s that the sem antics o f translational equivalence needs to be able to refer to a typology o f linguistic objects as part of its "ontology". Some o f the points are illustrated by a short presentation o f an experimental M T project. Finally it is briefly indicated how the treatment o f linguistic objects as part o f the semantic model fits into a situation theoretic account
Translational Equivalence as Empirical Evidence
A t least o n e o p tim istic th in g can b e said ab o u t th e re la tio n sh ip b e tw e en lin g u istic s an d M T : it is im p ro v in g . T h e re w a s a tim e w h e n th e tw o c o n c e p ts w ere rare ly c o n jo in e d , an d i f th e y w e re , 'b u t' seem ed a m o te p lau sib le c o n ju n c tio n th an 'a n d '. T o -d a y , h o w e v e r, b o th field s h a v e ch a n g ed so m ew hat: lin g u istic th eo ries o f g ram m ar ten d to ta k e p ro b le m s o f c o m p u ta tio n a l tra c ta b ility serio u sly , and lin g u istic ap p ro ach es are fin d in g th e ir w ay n o t o n ly in to sm all e x p e rim e n tal M T p ro jects bu t also into the large m a rk et-o rie n te d o nes.
W ith in th is area o f in creased in te rac tio n b e tw e en th e tw o field s th e flo w o f in fo rm a tio n -o r in sp iratio n -is u s u a lly seen as u n id irectio n a l: lin g u istic th eo ries o f sy n tax a n d se m a n tic s p ro v id e rep resen tatio n al to o ls fo r the d e v e lo p e rs o f M T sy stem s, b u t rem ain ra th e r u n p e rtu rb e d b y th e activ ity th em selv es. H o w ev er, th e in cre ased c o n t a a b e tw e e n lin g u istic s an d th e a c tiv ity o f tra n s latio n sh o u ld n o t b e seen as a p u re case o f ap p lied scien ce, in w h ic h resu lts from lin g u istic s are sim p ly u sed to so lv e p ractical p ro b lem s. T ra n sla tio n sh o u ld also b e re c o g n iz e d a s a n im p o rta n t testin g g ro u n d fo r lin g u istics, rein fo rc in g a m u ch -n e e d e d m u ltilin g u al p e rsp e c tiv e in th e d e v e lo p m en t o f m o te o r less fo rm al lin g u istic th eo ries. S p e c ifica lly , th e "p re -th e o re tic " c o n c e p t o f tran slatio n al eq u iv alen ce m ay pro v id e v a lu a b le c rite ria o f ad e q u ac y fo r lin g u istic th e o rie s. T h is is e sp ecially ev id e n t w ith in sem an tics. W ith in lin g u istic sem an tics w e try to c h a ra c te riz e th e m e a n in g o f a lin g u istic ex p ressio n b y tra n sla tin g it in to so m e m e a n in g rep re sen ta tio n . T h is m e a n in g rep resen tatio n is, b a sically , ju s t a n o th e r lin g u istic e x p re ssio n , an d th e n a tu ra l q u e stio n is h o w th is altern ativ e ex p ressio n b rin g s us c lo s e r to th e c h a ra c te riz a tio n o f m e a n in g th an d id th e o rig in al ex p ressio n . 'There are several rela tio n sh ip s a m e a n in g re p re sen ta tio n m ay e n te r in to w h ic h m ay m o tiv a te it as an in fo rm ativ e ch aracteriz a tio n o f m ea n in g . F o r o n e th in g w e m ay relate it to differen t e x p re ssio n s w ith in the sa m e lan g u a g e , fo r in stan c e b y m ea n s o f a m o d el th eo retic interp retatio n , th e re b y c h a ra c te riz in g v a rio u s se m a n tic relatio n s lik e sy n o n y m y , en tailm e n t etc. b etw een e x p res sio n s; fo r a n o th e r th e m ea n in g rep resen tatio n c a n b e u sed to m ed ia te b e tw e en lan g u ag e and o th e r c o n ta c ts w ith rea lity , lik e sig h t and action; fo r y et a n o th e r th e rep resen ta tio n can b e related to e x p re ssio n s in d iffe re n t lan g u a g e s, and h e n ce ch a ra c te riz e sem a n tic relatio n s acro ss lan g u ag e b o rd ers. T h e re la tio n o f tran slatio n al eq u iv a len c e in v o lv e s ju s t th is last-m en tio n e d ty p e o f sem antic re la tio n s an d h e n c e co n stitu te s an e m p iric al d o m ain w ith resp ect to w h ich se m a n tic rep resen tatio n s n e e d to b e ad eq u ate. T h e relatio n o f tra n sla tio n a l eq u iv alen ce is n o t e a sy to p in d o w n , b u t a co rp u s o f actu al te x ts p a ire d w ith th e ir tra n sla tio n s, so rted ac co rd in g to q u a lity b y tx lin g u al in fo rm an ts, w o u ld b e a sta rtin g p o in t, g iv in g u s p a rt o f th e e x te n sio n o f th e relatio n , so to sp eak . T h e tran slatio n al re la tio n is m a n ife ste d in su ch a c o lle c tio n o f a ctu al tran slatio n s. T o th e e x te n t th a t sem antic rep re sen ta tio n s a r e ad e q u ate w ith r e s p e a to su c h p h e n o m e n a -th a t is, to tiie e x te n t th at th ey c lassify e q u iv a le n t e x p re ssio n s to g e th e r -th ey are also m o tiv ated as so m eth in g m o re th an ju s t arbitrary a lte rn a tiv e e n c o d in g s o f so m e sem a n tic con tent.
It is an a g e -o ld in sig h t th at translatio rud e q u iv a len c e in v o lv es m u ch m o re th an d eno tatio n al eq u iv a len c e . G ani lea v in g asid e n o w th e im p o rtan t q u e stio n o f w h e th e r th e tran slatio n relatio n sh o u ld b e c o n c e iv e d as an e q u iv a len c e relatio n at all; w e m a y n o te th at g o o d tran slatio n is frequent! y assu m ed to b e irre v ersib le .) T h e litera tu re o n tran slatio n d isc u sse s sev eral su b -sp ecies o f the relatio n ; th e fo llo w in g cate g o rie s are su g g este d b y W e rn e r K o lle r (1 9 8 3 :1 86ff.):
D e n o ta tio n a l e q u iv a le n c e 2 . C o n n o ta tiv e e q u iv a le n c e 3 .
T ext-ru > rm a tive e q u iv a le n c e 4 . P r a g m a tic e q u iv a le n c e 5 . F o r m a l e q u iv a le n c e D e n o ta tio n a l e q u iv a len c e m e a n s eq u iv a len c e w ith resp e c t to p ro p e rtie s o f a d escrib ed situ atio n (co n c e iv e d as a se ctio n o f "o b jec tiv e rea lity "). H o w ev er, lan g u a g e s u su a lly allo w altern ativ e v e rb a liz in g stra te g ies, w h ic h m ay in d u ce d iffe re n t p e r s p e c tiv e s o n w h at m a y still b e c o n ceiv ed as th e sa m e d e sc rib e d situ atio n s, h ig h lig h tin g d iffe re n t asp ects o f th e ir tem p o ral stru ctu re o r o f the rela tio n sh ip s b e tw e e n th e ir p a rticip an ts. (E x am p le: " I c a n o n ly sta y u n til S P M " v s. " I h av e to leave at 5 P M " .) S im ila rly , alte rn a tiv e v erb a liz a tio n s m ay b e lo n g to d iffe re n t su b -la n g u a g es o r lev e ls o f sty le. E q u iv a le n c e w ith resp e c t to su c h p ro p erties is c o n n o ta tiv e e q u iv alen c e. T e x t-n o r m a tiv e e q u iv a le n c e is e q u iv a len c e w ith re sp e c t to p ro p e rtie s c h ara c te ristic o f c e rta in te x t types. A F rench b u sin e ss le tte r m ay h av e a d iffe re n t stru c tu re from a N o rw e g ian b u sin ess lette r, a F ren ch / N o rw e g ia n p a ir o f lette rs are te x t-n o rm a tiv ely e q u iv a len t o n ly i f th ey e ach sa tisfy th e resp ectiv e F re n c h an d N o rw e g ia n c o n v e n tio n s fo r su c h tex ts. P r a g m a tic a lly e q u iv a le n t te x ts o r u tteran ces are e q u iv a le n t w ith resp e c t to th e ctM nm unicative a c ts p e rfo rm e d w ith th em , an d th e ir effec ts o n the re c e iv e r (su c h a s th e d e g re e o f p o liten e ss ac co m p an y in g a req u est, iro n y , etc.). C u ltu ral differen ces fre q u e n tly m a k e th e a c h ie v e m e n t o f p ra g m a tic e q u iv a len ce d if f ic u lt F in a lly ,/o rT n o / eq u iv alen ce is e q u iv a le n c e w ith re sp e c t to p ro p e rtie s o f a sso n a n ce, rh y m e , rh y th m and w o rd -p lay .
O b v io u sly , all th e se ty p e s are n o t alw a y s o f eq u a l im p o rta n c e , b u t th ey all b e lo n g in a princip led d isc u ssio n o f tra n sla tio n a l e q u iv alen c e . W e m ay n o te th a t d e n o ta tio n a l e q u iv a len c e p rim arily c o n c e rn s th e d e scrib e d situ a tio n , p rag m a tic e q u iv a len c e th e d isc o u rse situ atio n , w h e re as co n n o ta tiv e , tex t-n o rm a tiv e an d fo rm al e q u iv a le n c e p rim a rily co n cern , in a n irred u cib le w ay , th e lin g u is tic s ig n s th e m s e lv e s . I f tw o tex ts are e q u iv a len t w ith resp e c t to c h o sen p e rsp e c tiv e s, lev e ls o f style, tex t-stru ctu ra l n o rm s and m etrical p ro p ertie s, th ey can be said to b e eq u iv alen t w ith resp ect to the ty p e s o f lin g u is tic d e v ic e s used in th em . T h is su g g e sts th at a p rec ise c h a rac teriz atio n o f tran slatio n al e q u iv a le n c e p resu p p o se s n o t o n ly ad e q u ate d en o tatio n a l se m an tics and p rag m a tics e n a b lin g us to 68 refe r to such p ro p ertie s o f d e scrib ed situ atio n s and d isc o u rse situ a tio n s w h ic h tra n sla tio n a lly e q u iv a len t ex p ressio n s h av e to b e a r a c o m m o n rela tio n to. It se em s th a t w e also n eed a u n iv ersal ty p o lo g y o f lin g u istic d ev ices: lin g u istic e x p re ssio n ty p es th e m se lv e s are an irre d u c ib le p a rt o f th e 'o n to lo g y ' o f th in g s w h ic h tra n slatio n a lly e q u iv a len t e x p re ssio n s h a v e to h a v e in c o m m o n . T h u s, form al asp ec ts o f a te x t m ay cre a te ty p es o f m ea n in g th a t w e w an t to re-c re a te in a tra n sla tio n . If w e tak e it as ax io m a tic th a t it is th e task o f se m a n tics to a c co u n t fo r all a sp e c ts o f m ea n in g , th ese tran slatio n al i^e n o m e n a b rin g n e w p ro b le m s w ith in th e sco p e o f se m a n tic th eo ries.
Limits of MT: Equivalence from Pre-Established Correspondences
T ran slatio n al e q u iv a len c e is b a sic a lly a relatio n b e tw e en te x ts o r u tte r a n c e s ra th e r th a n b e tw e en lex ical and g ram m atical ele m en ts in la n g u a g e d e scrip tio n s. In o th e r w o rd s, tra n sla tio n a l e q u iv a len c e co n cern s p a r o le ra th e r th an lo n g u e . It is an an a ly tic task to red u c e tra n sla tio n a l e q u iv a len c e b etw een tex ts, as fa r as p o ssib le , to a fu n ctio n o f co rre sp o n d en c e re la tio n s b e tw e e n e le m e n ts o f lan g u a g e descrip tio n s -to relatio n s o f la n g u e ra th e r th an p a r o le . H o w e v e r, it se em s v e ry lik e ly th at th ere a re ty p es o f tran sla tio n al e q u iv a le n c e th a t c a n n o t b e so red u ced . T h u s , w h ile c o n n o ta tiv e p ro p erties o f in d iv id u al lex e m es m ig h t b e g iv en so m e re p re se n ta tio n in th e le x ic o n , it is d iffic u lt to see h o w in fo rm atio n ab o u t co n n o tativ e an d sty listic p ro p ertie s o f c o m p le x [riirases c a n b e d eriv ed co m p o sitio n ally , in th e w ay in fo rm a tio n a b o u t d e n o ta tiv e p ro p e rtie s are. In su ch c a se s th e o n ly so lu tio n seem s to be to list such co m p le x p h rase s w ith th e ir p ro p ertie s a s id io m s, b u t e x te n siv e u se o f th is so lu tio n is a t le a s t im p ractical b e c au se it lea d s to a n ex p lo sio n in th e in v e n to ry o f id io m s. F u rth erm o re, g lobal sty listic p ro p ertie s o f tex ts th a t c o n cern , fo r in sta n c e , th e fre q u e n c y o f certain co n stru ctio n s c a n n o t ev en in p rin c ip le b e red u c e d to sim p le c o rre sp o n d e n c e re la tio n s b e tw e en lin g u istic d escrip tio n s. T h e re a re also a sp ects o f form al tra n sla tio n a l e q u iv a le n c e (fo r in sta n c e , in tran sla tio n s o f p o e try ) and cu ltu re-b o u n d p rag m a tic e q u iv a len c e th a t seem to p re su p p o se g e n u in e creativ ity o n tiie p a rt o f the tra n sla to r, an d h en c e to b e so m e th in g th a t c a n n o t b e red u c e d to p re-estab lish ed co rresp o n d en ces.
T h ese lim itatio n s are at th e sam e tim e lim ita tio n s o n the p o ssib ility o f m ac h in e tra n sla tio n . A m ach in e tran slatio n sy stem is p o ssib le to th e e x te n t th a t w e h a v e b e e n a b le to red u c e a sp e c ts o f tran slatio n al eq u iv alen ce to fu n ctio n s o f p re -e sta b lish e d c o rre sp o n d e n c e re la tio n s b e tw e e n fin ite lin g u istic d escrip tio n s. T h e lin g u istic an a ly sis in th e d e scrip tio n s m a y sh o w a n y d e g re e o f so p h is ticatio n , and w e m ay g ra n t the p o ssib ility th a t th e tra n sla tio n alg o rith m is ab le to e x p lo it co n tex tu al in fo rm atio n o f v ario u s k in d s to c h o o se a m o n g alte rn a tiv e s -th e fa c t re m a in s th a t a n y e q u iv a len c e b etw een tex ts e sta b lish e d b y th e sy stem m u st b e co m p o sitio n a lly d e riv a b le fro m th e e le m e n ts in th e d escrip tio n s and th e p re-estab lish ed c o rre sp o n d e n c e rela tio n s b e tw e e n th em . T h is h o ld s tru e w h e th e r w e im p lem e n t th e relatio n s a s sim p le p o in te rs o r a s re p re se n ta tio n s o f so m e k in d , rep resen tin g w h at th e c o rresp o n d in g en tities h av e in co tiu n o n . S u c h rep re sen ta tio n s, i f w e u se th e m , can reaso n ab ly b e se e n as sem a n tic rep re sen ta tio n s. S in c e it se e m s p la u sib le to claim th a t all a sp e c ts o f tran slatio n al eq u iv alen ce are m e a n in g rela te d , it sh o u ld b e th e ta sk o f se m a n tic s to a c c o u n t fo r th e co rresp o n d en ce rela tio n s b e tw e en la n g u a g e s o n w h ic h tra n sla tio n a l e q u iv a le n c e is b ased . S em an tic rep re sen ta tio n s, th en , sh o u ld csf)ture w h a te v e r a tra n sla tio n a l e q u iv a le n t h a s to b e eq u iv alen t w ith resp e c t to, to tiie e x te n t th a t th is is d e riv a b le fro m th e lin g u istic d e sc rip tio n s. S u ch rep resen tatio n s a re at th e sa m e tim e p o ten tial in te r lin g u a e x p r e s s io n s -it sh o u ld in p rin c ip le b e p o ssib le to im p lem en t a tra n sla tio n alg o rith m th a t tra n sla tes a so u rc e te x t to su c h a rep re sen ta tio n , and g en erates a targ et te x t from it.
InterUngua as a Theoretical Tool
T h is d o es n o t m ea n th a t it w o u ld be a g o o d id ea to d o so in p ractice. T h e m ajo rity v iew is th at the tra n sfe r te c h n iq u e is to b e p referre d o v e r th e in te riin g u a tech n iq u e, and th ere are o fte n good a rg u m e n ts to su p p o rt th is v iew . T h e g o al o f c o n stru c tin g a tru e in teriin g u a is often co n sid ered as u n rea listic , o r at le a s t im p ra ctical. S u c h a u n iv ersal in term e d iate rep re sen tatio n is easily seen at le a s t as a d e to u r, in m a n y c a se s it seem s sim p le r to d efin e d ire c t tra n sitio n s from so u rc e rep re se n ta tio n s to ta rg e t rep resen tatio n s. S till, th e id e a o f an in te riin g u a sh o u ld n o t b e d iscard ed o u t o f h a n d . In th e firs t p lac e , th e p o ssib ility o f in te rlin g u a-b ased tra n sla tio n d o es n o t im p ly th e p o ssib ility o f a tru ly u n iv ersa l in te riin g u a, c o m m o n to all c o n ceiv ab le lan g u a g e p airs. A n in teriin g u a can be sp e cific to a g iv e n lan g u a g e p a ir and still b e a n in teriin g u a. In th e seco n d p la c e , w e sh ould d istin g u ish b e tw e en th e th eo re tic al p o s s i b ili ty o f an in te riin g u a and th e p r a c ti c a l u tility o f hav in g s u c h an in te riin g u a a c tu a lly im p lem en te d in a sy stem . E v e n i f w e d ec id e ag a in st th e latte r, w ork in g o u t an in te riin g u a m ig h t b e a u sefu l p a rt o f a p rin c ip le d stu d y o f tran slatio n al eq u iv alen ce. In f a a , o n re fle c tio n it is e a sily se en th a t th e d istin c tio n b e tw e en in te riin g u a and tra n sfe r is n o t a d eep d istin c tio n o f p rin c ip le , b u t ra th e r a fa irly su p erfic ial o n e o f im p lem en ta tio n . It is n e v e r d ie case th a t tra n sfe r m u st t e p refe rred o v e r in te riin g u a b e c au se tra n sfe r is th e o n ly p o s s ib le option:
in te riin g u a is p o ssib le w h e n e v e r tra n s fe r is. M a ch in e tra n sla tio n a ctu ally im p lie s th e p o ssib ility o f in te rlin g u a-b a sed m ac h in e tran slatio n . T h is is b e c au se m a c h in e tra n sla tio n , as I h a v e alread y p o in te d ou t, is o n ly p o ssib le to th e e x te n t th a t tran sla tio n al eq u iv alen c e c a n b e red u ced to a fun ctio n o f p re-e sta b lish e d c o rre sp o n d e n c e s b e tw e en ele m en ts o f tw o lan g u a g e d escrip tio n s. S in ce th e la n g u a g e d e scrip tio n s are fin ite, th ere w ill be a fin ite n u m b e r o f su ch p re-e stab lish e d co rre sp o n d e n c es. T h e c o rre sp o n d e n c e s c an b e im p lem e n te d as sim p le p o in te rs, bu t it is o f co u rse also p o ssib le to lab e l e a ch c o rre sp o n d en c e w ith a u n iq u e n am e, and to w rite ru les fo r co m b in in g su ch lab els c o m p o sitio n a lly in tan d em w ith th e ru le s fo r co m b in in g th e c o rre sp o n d in g ex p re ssio n s sy n tactical ly. In sh o rt, th e co rre sp o n d en c e relatio n s, b e in g finite in n u m b er, c an e v id e n tly b e d escrib ed in a m eta la n g u a g e . S u ch a m e ta la n g u a g e w o u ld b e a th eo retic ally p o ssib le in te riin g u a b e tw e e n th e tw o lan g u a g e s, and e v e n i f w e d o n 't im p lem e n t it as a n in te riin g u a th e m etalan g u a g e m ig h t b e a u sefu l th eo re tical to o l fo r k ee p in g o u r id ea s stra ig h t w h ile w ritin g th e p ro g ram s.
The PONS Project: Exploiting similarity between languages
N o w , 1 h a v e n 't w o rk ed o u t su ch a th eo re tic ally in terestin g in te riin g u a yet. I h av e, o n the o th e r hand, b e e n w o rk in g o n an ex p e rim e n tal tran sla tio n sy stem , an d 1 sh o u ld lik e to g iv e a b r ie f sk e tch o f it in o r d e r to illu strate so m e o f th e p o in ts I h a v e m ad e. T h e p ro je c t is ca lled P O N S -a c ro n y m ic fo r " P a rtie ll O v e rse ttelse m ello m N s r s t^n d e S p r ik " (P artia l T ra n sla tio n b e tw e en C lo se ly R elated L a n g u a g es). T h e startin g p o in t w as an id e a a b o u t stu d y in g so m e a sp ec ts o f th e relatio n sh ip betw een lin g u istic m o tiv a tio n an d co m p u tatio n a l tra c ta b ility in M T sy stem s. A c o m m o n o b jec tio n to lin g u istic a lly so p h istic a te d lan g u a g e d e sc rip tio n s as m o d u le s in tran slatio n sy stem s is th at th e y w ill in e v ita b ly m a k e a n a ly sis an d sy n th e sis h o p e le ssly red u n d a n t an d in efficien t, com frared to quick a d -h o c sh o rtc u ts fro m s o u rc e c o n stru c tio n to ta rg e t c o n stru c tio n , w ith o u t reg a rd fo r th e ir full set o f g ram m atic a l an d se m a n tic p ro p ertie s. T h is is e v id e n tly a v alid c o n sid e ra tio n -it w o u ld b e irratio n al to sp e n d tim e fin d in g a lo t o f g ra m m atic a l a n d se m a n tic in fo rm a tio n i f y o u rea lly d o n 't n eed i t O n th e o th e r h a n d , lin g u is tic m o tiv atio n an d c o m p u ta tio n a l tra c ta b ility co u ld b e c o m b in e d i f w e could a c h ie v e a lin g u is tic a lly w e ll-in fo rm e d system a b le to refra in from u sin g all its k n o w le d g e all th e tim e. I f th e sy stem h a d so m e m ea n s o f e v a lu a tin g th e co m p le x ity o f a g iv en translatioruil task in a d v a n ce , it c o u ld in fe r th e a m o u n t o f an a ly sis req u ired and a d ju st its m o d e o f o p e ra tio n acco rdin gly. T h e p o ssib ility o f ta k in g sh o rtc u ts w o u ld o b v io u sly be m o st freq u en t d u rin g tra n sla tio n b e tw e en clo se ly related lan g u ag es; h e n c e it w a s n a tu ral to try o u t th ese id ea s in relatio n to tra n sla tio n betw een a p a ir o f S can d in av ian la n g u a g e s lik e N o rw e g ia n and S w ed ish . T h e fo rm a l to o ls o f u n ific atio n g ram m ar seem ed w ell suited to th e task , sin c e featu re stru ctu res can b e m o re o r le ss u n d e rsp e c ifie d : in fo rm atio n c a n b e rem o v ed from th em a s th e n eed arises.
It is n o t o n ly co n sid eratio n s o f efficie n cy th a t m o tiv ate su c h an a tte m p t to a c h ie v e a sy stem th a t u ses its k n o w led g e in a co n sid ered w ay . It se em s q u ite p lau sib le to assu m e th a t h u m a n tra n sla to rs b eh av e in a sim ila r m an n er. W e s e o n ab le to a d^t th e a m o u n t o f in fo rm a tio n w e b rin g to b e a r o n a p rob lem to its co m p le x ity . T h u s it is o b v io u sly f a r e a s ie r f o r u s to tra n sla te b e tw e e n c lo se ly relate d lan g u ag es th a n b e tw e en lan g u a g e s th a t are g e n e tic a lly an d ty p o lo g ic a lly fu rth e r ap a rt. T h e S c a n d in av ian lan g u a g e s are a lm o st lim itin g c a se s in th is r e s p e c t In tra n sla tio n s b e tw e e n D an ish , S w ed ish an d N o rw eg ian , o r b e tw e en BokmfU a n d N y n o rsk , th ere w ill fre q u e n tly (bu t fa r from alw ay s, o f c o u rse ) b e a w o rd -b y -w o rd ty p e co rre sp o n d en c e b e tw e e n so u rc e an d ta rg e t te x ts. A n atu ral p ro ce d u re in su c h c ases w o u ld b e first to in sp e c t d ie s o ite n c e to b e tra n sla te d su fficie n tly clo sely to d eterm in e th a t it co n tain s n o c o n stru c tio n s d e p a rtin g fro m th e u n m ark e d w o rd -b y -w o rd case, and th en tra n sla te w o rd -b y -w o rd , m ak in g m o rp h o lo g ic a l a d ju stm e n ts a lo n g th e w a y . T h e h u m an tra n s la to r w o u ld n o t tak e th e tro u b le to re flec t c arefiilly an d a t le n g th o n th e c o n te n t an d co n n o tatio n s o f th e so u rce sen ten ce, in a b stra ctio n from its sy n ta c tic fo rm , an d th e n try to en co d e th is co n ten t " fro m scratch " in th e targ e t lan g u a g e w ith n o reg ard fo r th e w a y it w a s e x p re sse d in th e so u rce tex t. O n ly to the e x te n t th a t th e c o n stru c tio n s d o n o t a llo w fairly sim p le fo rm al m a p p in g s is su ch a c lo s e r c o n sid eratio n o f se m a n tic p ro p e rtie s n ecessary . T h e tra n s la to r w ill u se a s m u c h o f th e stru ctu re o f th e so u rce sen ten ce as p o ssib le -as lo n g as sh e c a n tru st th a t a s im ila r se n te n c e stru ctu re in th e targ e t lan g u ag e is tra n sla tio n a lly eq u iv a len t
. A n d th is is n o t a c a se o f laz in ess; it is b ecau se th is m eth o d is a p reco n d itio n fo r a g o o d tra n sla tio n , th a t is, a tra n sla tio n w h ic h re n d e rs th e p ro p erties o f th e so u rce te x t as reliab ly as p o ssib ly , in c lu d in g it s w a y o f u s in g la n g u a g e . B y " a w a y
o f usin g lan g u a g e " 1 h av e in m in d p ro d u ctio n o f th e ty p e o f m e a n in g w h ic h is c a p tu re d b y co n n o tativ e eq u iv alen ce (su ch as eq u iv a len ce w ith re sp e c t to th e ch o sen p e rsp e c tiv e o n a situ a tio n ), p rag m atic eq u iv alen ce and form al e q u iv alen ce. L a n g u a g es h av e d iffe re n t reso u rc e s, d iffe re n t d ev ice in v en to ries, fo r creatin g su c h m ea n in g -th a t is w h a t m ak e s tra n sla tio n difTicult -b u t th e m o re clo sely tw o lan g u a g e s a re relate d , th e g re a te r th e o v e rla p b e tw e en th e ir in v e n to rie s o f lin g u istic d ev ices w ill b e. It is n o t a facile sh o rtcu t, b u t th e sa tisfa c tio n o f an in d ep e n d e n t p u rp o se o f tran slatio n w h ich tak e s p lace w h en w e ch o o se eq u iv a len t lin g u istic d e v ic e s in a tra n sla tio n -fo r in stan ce w o rd -b y -w o rd tra n sla tio n w h e n e v e r th a t is p o ssib le . ( 'P o s s ib le ' h e re m e a n s 'p re se rv in g tran slatio n al e q u iv a le n c e ' -in clu d in g co n n o tativ e e q u iv a len c e etc. In o th e r w o rd s, it is n o t a co u n ter-arg u m en t to the claim m a d e h ere th at w o rd -fo r-w o rd tra n sla tio n s fre q u e n tly are b a d -w h e n th ey are b ad , th ey p resu m a b ly are n o t th e c lo se st p o ssib le e q u iv a len t.) In su c h c a se s w e p a ss d ire c tly from a d ev ice in o n e lan g u a g e to an e q u iv a len t d e v ic e in th e o th er, c a re fu l c o n sid e ra tio n o f th e actual jo b d o n e b y th e se d e v ic e s is su p e rflu o u s. T h is d o e s n o t m e a n th a t m e a n in g s u d d e n ly is u n im p o rtan t, it sim p ly m ea n s th a t eq u iv a len ce o f m e a n in g h as b e e n e sta b lish e d o n c e an d fo r all, g iv en o u r k n o w le d g e o f th e r e l a t i o n^p b e tw e en th e lan g u a g e s, an d th e re fo re w e n e e d n o t w o rry ab o u t it ev e ry tim e.
H en c e th ere a re b o th p ractical an d th eo re tical re a so n s to try to d e v e lo p a sy stem a b le to ta k e " sh o rtc u ts" p a st a n in v o lv ed sem an tic a n a ly sis w h e n e v e r th is is p o ssib le b e c a u se o f a c e r t^n d eg re e o f stru ctu ral co rresp o n d en ce b e tw e en th e tw o lan g u a g es. T h is is a b a sic id e a in th e P O N S p ro je c t. T h e sy stem is im p lem e n te d (in In terlisp ), e x c e p t fo r a few m o d u le s th a t a re n o t fu lly i n t e g r t^ y e t T h e lin g u istic d e scrip tio n s are d e v e lo p e d w ith in an e x te n d e d a n d m o d ifie d v e rsio n o f L au ri K a rttu n e n 's D -P A T R , a fh u n e w o ik fo r d e v e lo p in g u n ific atio n -b a sed g ra m m a rs. 
Mode 3: Semantic Representations as Interlingua
T h e M o d e 3 p a th from so u rce strin g to ta rg e t strin g s is d e scrib ed in th e o u te r c irc le o f fig. 1 . T h e lan g u a g e d e scrip tio n o n w h ic h p a rsin g is b ased c o n sists o f a set o f a n n o ta ted p h ra se stru c tu re ru les, a se t o f stem s, in w h ic h e a ch stem co n ta in s all in fo rm a tio n w h ic h is c o m m o n to all fo rm s o f th a t stem , a n d a se t o f w o rd fo rm s c o n ta in in g fu rth e r in fo rm atio n . A ll e n titie s -ru le s, ste m s a n d w o rd fo rm s -are rep resen ted a s featu re s tru c tu iu s, o r d ire c te d g rap h s, w h id i a re u n ifie d d u rin g p a rsin g . T h e resu lt o f a p a rse is a j^rrase stru c tu re tre e an d a featu re stru ctu re. T h e fea tu re s tru c tu re c o n sists o f su b stru ctu res, o n e o f w h ich is a s e m a n tic rep re sen ta tio n in th e fo rm o f a s itu a t io n s c h e m a ( fig. 
2).
T h e situ atio n s c h em a ta I am u s in g a re so m e w h a t m o d ifie d v e rsio n s o f th e situ a tio n sc h e m a ta in tro d u ced b y F e n sta d , H a lv o rse n , L an g h o lm an d v a n B en th em in 1987. A situ a tio n s c h e m a is a rep resen tatio n al fo rm a t su ited to b e in te rp rete d b y situ a tio n th eo ry . In S itu a tio n S e m a n tic s th e m ean in g o f a sen te n c e is co n ceiv ed as a re la tio n b e tw e e n ty p e s o f d isc o u rse situ a tio n s an d ty p e s o f d escrib ed situ atio n s: th e m ea n in g co n stra in s th ese situ a tio n s to b e o f c e rta in ty p es. T h e e x a m p le in fig. 2 rep resen ts th e sen ten ce "Jo h n le ft" . In th e sch em a attrib u tes re p re se n t p a ra m e te rs o f situ a tio n s (a situ atio n is c o n stitu ted o f a r e la tio n , a se t o f a rg u m e n ts to it and a lo catio n , a m o n g o th e r th in g s).
73 w h ile v a lu e s rep re sen t th e co rre sp o n d in g en tities in th e situ a tio n s rep re sen ted . T h e " o u ten n o st la y e r" rep re sen ts a sp ec ts o f th e d isco u rse situ a tio n , w h ile th e d escrib ed situ a tio n is en tered as the v a lu e o f a r g 3 (it is the en tity a b o u t w h ic h th e sp e a k e r in fo rm s th e h earer).
In th e fu ll featu re stru ctu re o f a sen te n c e th e situ a tio n sch em a is in ter-related w ith th e syntax su b stru c tu re in v a rio u s w ays. F ig. 3 sh o w s th e b a sic la y o u t o f full feature stru ctu res, w h ile fig. 4 sh o w s a s im p lifie d ex am p le.
.syntax tr a n s
Fig. 3 Basic layout o f PONS feature structures
T h e p a tte rn s o f u n ific atio n s b e tw e e n th e sy n ta x and se m an tics su b stru c tu re s ex p ress su c h th in g s as lin k in g re la tio n s b e tw e e n sy n ta c tic fu n ctio n s an d se m a n tic a ig u m e n t p o sitio n s. In M o d e 3 the situ a tio n sc h e m a is e x tra cte d as a k in d o f in te rlin g u a e x p re ssio n from th e fea tu re stru ctu re. In o th e r w o rd s, lin k in g re la tio n s an d o th e r sy n ta c tic in fo rm a tio n from th e so u rc e strin g p a rse are fo rg o tten ab o u t, sin c e th e y are s o u rc e lan g u a g e ^c i f i c . T a rg e t strin g s a re th e n g e n e ra te d from th e situ atio n sc h e m a , o n th e b a s is o f th e targ e t g ram m ar, in th re e sta g e s (cf. fig. 1 , rig h t-h an d co lu m n o f bo xes):
1. T a rg e t ste m s e x p re ssin g th e rela tio n v a lu e s in th e sc h e m a are retrie v e d from th e lex ico n , and th e ir fea tu re stru c tu re s a re u n ifie d in to th e situ a tio n sch em a. T h e re su lt is th a t targ e t lan g u ag e s p e c ific sy n ta c tic fea tu re s are ad d ed , giv in g a se t o f fu ll featu re stru c tu re s, lin k in g relatio n s an d all, a s o u tp u t 2 . S y n ta c tic ru le s a re p re d ic te d to p -d o w n , th e p red ic tio n s b e in g co n stra in e d and g o v ern e d b y th e in fo rm a tio n in th e fe a tu re stru c tu re s, w h ic h in a sen se "k n o w all a b o u t" th e co n stru ctio n s ab o u t to b e g e n e ra te d . T h e o u p u t is a set o f tree s, w ith lex ic al ste m s a t th e te rm in a l n o d es.
3 . W o rd fo rm s a re en te red at th e term in a l tre e n o d e s, to th e e x te n t th a t th e ir featu re stru ctu res are c o m p a tib le w ith w h a t is a lre a d y th ere. T h e o u tp u t is a se t o f ta rg e t strin g s -th e set o f strin g s, th a t is, to w h ic h th e ta rg e t g ra m m a r assig n s situ a tio n sc h em a ta co m p a tib le w ith th e so u rce situ atio n sc h em a . T o th e e x te n t th a t I h a v e b e e n ab le to cap tu re th e p ro p ertie s d ia t d efm e tran slatio n al e q u iv a le n c e in th e situ a tio n sch em ata, th e strin g s are u sefu l tran slatio n s. fig. 1 . T h e id ea is th a t th e sy stem its e lf sh o u ld b e ab le to d ecid e th a t th is c h u n k co rre sp o n d s to a ta rg e t co n stru ctio n w o rd -b y -w o rd , a n d h e n c e is to b e tac k le d in M o d e 1, w h e re as th is c h u n k c o r t e^n d s in a slig h tly m o te in d ire c t fash io n , w ith d isc re p an c ie s in c o n stitu e n t o rd e r and g ram m atica l fo rm ativ es, and h e n c e M o d e 2 is in o rd er, w h ile, fin ally , th is o n e d o e s n o t co rresp o n d in an y in terestin g w a y at all, so h e re w e h a v e to re s o rt to M o d e 3 and retrie v e a situ a tio n sch em a. T h e b asis fo r m ak in g su ch d e c isio n s w ill h a v e to b e lan g u a g e p a ir ^c i f i c in fo rm atio n . A t th e o u tse t, h o w e v e r, th e lan g u ag e d e sc rip tio n s a re in d e p e n d e n t o f an y sp e cific tra n sla tio n p artn er. T h e lan g u a g e s are d e scrib ed in th e ir o w n te rm s -e x c e p t fo r th e o b v io u s fa c t th a t th e sam e g ram m atica l a p p ara tu s h a s b ee n e m p lo y e d , e n s u rin g th a t th e sam e ty p e o f g ram m atic a l p h e n o m e n o n is d e sc rib ed in th e sam e term s in e v e ry lan g u a g e . B u t o n th e b a sis o f su c h d e scrip tio n s g ra m m a r co m p a riso n s c a n b e p erfo rm ed a u to m a tic ally . A n a lg o rith m h a s b e e n im p le m e n te d w h ic h to so m e e x te n t p re-c o m p ile s g ram m ar p a irs: it co m p a res th e e n titie s in th e tw o g ram m a rs an d th e tw o le x ic o n s and ad ds in fo rm atio n abo ut th e resu lts o f th e c o m p a riso n to th em . T h u s a fte r th e c o m p a riso n th e la n g u a g e d escrip tio n s w ill c o n ta in in fo rm a tio n a b o u t th e ir p artn ers. L e t us b riefly c o n sid e r h o w th is wiU b e u tilized in M od e 1 an d M o d e 2. T h e refo re a sy n tactic tre e is d eriv ed . T h e ru les and le x ic a l e n tries u tilized in th is d e riv a tio n w ill c o n ta in in fo rm a tio n to th e e ffe c t th a t a n iden tical tree w ith th e sa m e co m p o sitio n al p ro p e rtie s c a n b e d e riv e d b y th e ta rg e t la n g u a g e ru le s and lex ic al e n tries. T h is m ea n s th a t w e do n o t n ee d to d o th at: w h e n the co rre sp o n d e n c e b e tw e en so u rce and ta rg e t strin g is th a t clo se, w e can fo rg e t ab o u t th e targ e t g ram m ar; th e so u rc e tre e its e lf ca n b e u sed . T h e n th e so u rc e lex ical en tries at th e term in a l n o d e s are rep laced by co rresp o n d in g targ et e n tries, w h e re u p o n th e resu ltin g structure e n te rs sta g e 3 o f th e sy n th esis p ro c e d u re (cf. fig. 1 ) d u rin g w h ich co m p atib le ta rg e t w o rd fo rm s are fo u n d . T h is p ro c e d u re w ill ap p ro p riate ly h an d le g e n d e r c lash e s a n d v a rio u s k in d s o f o n e-to -m an y c o rre sp o n d e n c e s b e tw e e n th e tw o lex ico n s. M o d e 2 is in o rd e r in c a se s w h e re so u rc e an d target strin g still c o rre sp o n d w ith resp e c t to th e sets o f se n se -c a rry in g w o rd s th e y c o n tain , b u t d iffe r in c o n stitu e n t o rd e r, in d ie p rese n c e o f se n se -le ss g ram m atical fo rm ativ es, o r bo th . In th is c ase the so u rc e tree carm ot b e u sed , b u t th e s o u rc e fea tu re stru ctu re , in clu d in g its g ram m atical in fo rm atio n (its f-stru c tu re in L E G te rm s) is still u sefu l. A n e x a m p le o f su c h a co rre sp o n d en c e w o u ld be N o rw e g ia n "d e n n y e b ile n m in " vs. S w e d ish "m in n y a b il" 'm y n e w c a r '. T h e g ra m m a r co m p ariso n h a s id en tified c a se s w h e re a ru le in o n e la n g u a g e c o rre sp o n d s to a ru le in th e o th e r w ith resp e c t to s e n se -c a rry in g d a u g h te rs an d c o m p o sitio n a l p ro p ertie s, b u t n o t w ith resp e c t to c o n stitu e n t o rd e r o r s e n se -le ss d a u g h te rs. In su c h c ases p o in te rs h a v e b e e n co n stru c te d b e tw e en th e rules. H en ce th e p ro c e d u re is th a t th e sy stem reco g n ize s th e p o in te r, retrie v e s th e targ e t ru le, o v e rw rite s its featu re s tru c tu re o v e r th e so u rc e fe a tu re stru ctu re , an d starts to p -d o w n p red ic tio n o f ta rg e t ru le s con strain ed b y th e m o d ifie d so u rc e fea tu re stru ctu re . In o th e r w o rd s, it e n te rs sta g e 2 o f th e fu ll sy n th esis p ro ce d u re .
F in a lly , M o d e 3 is trig g e re d w h e n th e p a rse re v e a ls e ith e r a ru le o r a le x ic al e n try w ith n o M o de 1 o r M o d e 2 c o n e sp c m d en t in th e targ e t lan g u ag e.
T h is w as a v e ry b r ie f sk e tc h o f a sy ste m w h ich o p e ra tes p a rtly o n in te rlin g u a p rin cip le s -in M ode 3 -and p a rtly o n tra n s fe r p rin c ip le s -in M o d e s 1 an d 2. I h a v e su g g e sted th at a sem an tic rep re sen ta tio n id e a lly sh o u ld b e ab le to c a p tu re e v e ry th in g in term s o f w h ich w e d e fin e tra n slatio n al e q u iv a le n c e (a t le a s t to th e e x te n t th a t su c h e q u iv a len c e is red u c ib le to p ie-e sta b lish e d c o n e sp o n -76 d en ces b e tw e en d e m e n ts in th e lan g u a g e d e scrip tio n s), and th a t su c h a se m a n tic le p ie s e n ta tio n c a n b e seen as a k in d o f d ieo retical in te ilin g u a e x p re ssio n . o th e r w o rd s, in th ese m o d es w e h av e e q u iv a le n c e w ith resp e c t to ty p e s o f lin g u is tic s ig n s : th e sa m e lin g u istic d ev ic es are em p lo y ed . A s w e h av e se en , d iis is o n e k in d o f e q u iv a le n c e w e w a n t to c^t u r e , sin c e it is i n v o l v^ in a c h ie v in g c o im o ta d v e a n d fo rm al e q u iv a len c e . B u t i f tra n sla tio n a l eq u iv alen ce m ay in v o lv e su c h g ram m atic al e q u iv a len c e , a n d se m a n tic s is to c h a ra c te riz e all a sp e c ts o f tran slatio n a l e q u iv a len c e , th e n s o n a n tic s h a s to b e ab le to re fe r to a sp e c ts o f g ram m atic a l form . Is th is reaso n a b le?
Language as Part of the World
S ev eral situ a tio n sem an ticists (R o b in C o o p er, S tan ley P e ters, Je an M arie G a w ro n ) h a v e b e en w o rk in g to w ard s th e d e v e lo p m en t o f a situ a tio n th eo re tic a cco u n t o f g ra m m a r itse lf. T h e p ro b le m s ad d ressed b y C o o p e r d o n o t p e rta in to tra n sla tio n , b u t ra th e r to th e situ a tio n th e o re tic c h a ra c teriza tio n o f th e in fo rm atio n state s a tta in a b le b y h u m a n an d a rtificial in fo rm a tio n p ro c e sso rs. A g ram m ar, a cco rd in g to h is an aly sis, is a re la tio n b e tw e en p o ssib le lin g u istic u tte ra n c e s a n d p o ssib le ty p es o f facts in th e w o rld aro u n d us. T h is is n o p la c e to g o in to d e ta ils; su ffic e it to s a y th a t th is ap p ro ach in v o lv es tre a tin g lin g u istic en titie s -w o rd s, se n te n c e c o n stru c tio n s, g ram m atic a l c a te g o ries etc. -a s "th in g s in th e w o rld " a lo n g w ith o th e r th in g s th at h u m a n b e in g s c a n talk a b o u t an d relate to. T h is is a d e sira b le p ersp ec tiv e ; sem a n tic s o u g h t to b e ab le to a c c o u n t fo r la n g u a g e as so m e th in g w h ic h o c c u rs in d ie sa m e w o rld as th e o n e lan g u a g e rela te s to . a n d n o t as so m e th in g o c c u rrin g in a d o m a in e n tirely o f its o w n . T h is is o b v io u sly n e c e ssa ry in o rd e r to a c co u n t sem an tically fo r reflex iv e lan g u a g e u se , th a t is, u se o f lan g u a g e to ta lk a b o u t la n g u a g e , in ex p ressio n s lik e "th e w o rd 'h o rs e '" , "th e e x p re ssio n yo u ju s t u se d " , " th a t w a s a b a d se n te n c e " , etc.
A n o th e r e x am p le is th e u su al situ a tio n se m a n tic a n a ly sis o f n a m e s ( fig . S) .
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T h e a n a ly sis sp e cifie s th a t a p reco n d itio n fo r u sin g th e n a m e to re fe r to an in d iv id u al is th at the in d iv id u al e n te rs in to th e re la tio n n a m e d w ith th e n a m e itself. In o th e r w o rd s, th e n am e en ters into th e sp e cific a tio n o f its o w n sem a n tics, as p a rt o f th e ty p e o f d escrib ed situ atio n it relates to. T here is an e le m e n t o f c irc u la rity in th is. I f w e in te rp re t th e featu re stru ctu re as a rep resen tatio n o f the n a m e itse lf, th e resu lt is th a t the featu re stru c tu re w ill co n ta in a c irc u la r path.
In th is case th e lin g u istic e n tity its e lf o c c u rs in its d e scrib ed situ a tio n , w h ic h is slig h tly special. B u t th e o c c u rre n c e o f lin g u is tic e n titie s in d is c o u r s e s itu a tio n s is q u ite ty p ic a l, o f co u rse, and d isc o u rse situ a tio n s a re a lso p a rt o f w h a t e n te rs in to th e sp e cific a tio n o f lin g u istic m ean in g in a situ a tio n th e o re tic fra m ew o rk . H en ce th e e le m e n t o f c ircu la rity co u ld b e c o m e q u ite w idesp read i f w e d e v e lo p th e situ a tio n th eo re tic a c c o u n t in so m e d etail: lin g u istic sig n s b e c o m e e sse n tia lly c irc u la r stru c tu re s, c o n ta in in g th em se lv e s as c o n stitu en ts o f th e ir " se m a n tic " s u l^a r ts . T h is is a c o n seq u e n c e o f u n d e rs ta n d in g th e m e a n in g o f an ex p re ssio n a s th e w a y it co n stra in s th e relation b e tw e e n d isc o u rse situ a tio n s in w h ic h it c a n b e u se d an d o b jec ts it c an d escrib e. In tu itiv ely , th e c irc u la r stru c tu re e x p re sse s th e fact th a t an esse n tia l p ro p erty o f a n y d isc o u rse situ atio n in w hich sig n S is u se d , is th a t S is a c o n stitu e n t in it.
A c o n seq u e n c e o f th is is th at i f w e assu m e th a t tra n d a tio n a l e q u iv a len c e is to m ea n eq u iv alen t s itu a tio n sc h e m a ta , th en a sig n w ill o n ly b e tra n sla tio n a lly e q u iv a len t w ith itself. T h is c ap tu res in a fairly b ru ta l w a y th e u n iq u e , n o n -tra n sla ta b le c h a ra c te r o f lin g u istic signs: th e insigfit o f m any tra n sla to rs th a t th e p e rfe c t tra n sla tio n a l e q u iv a len c e rela tio n a cro ss lan g u a g es is em p ty . W h at we d o in p rac tic e is s e arc h fo r targ et ex p re ssio n s th a t are e q u iv a len t w ith r e s p e a to s u b s e ts o f the in fo rm a tio n in th e sch em ata. In fact, I b e lie v e th a t w e d o w a n t a th eo ry o f tra n slatio n th a t accou nts f o r its b a sic im p o ssib ility , w h ile at th e sa m e tim e a llo w in g fo r v a rio u s ap p ro x im atio n s to the u n a tta in a b le ideal.
C o n sid e ra tio n s lik e th e se m ig h t b e a sta rtin g p o in t fo r d e v e lo p in g a sem an tic th eo ry o f tran slatio n -a stu d y o f th e s e m a n tic s o f tra n sla tio n ra th e r th an sim p ly w o tid n g w ith sem an tic s f o r tran slatio n .
A s I h a v e s tre sse d , th e th eo re tical c o n stru c ts o f su c h a th eo ry are n o t n e c essa rily to b e tak e n as m o d e ls fo r d i r e a im p lem e n ta tio n , b u t th ey m ig h t still p ro v id e th e w o rk w ith so m e th eo retical basis.
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